Background
Introduction
Glaucoma is the second leading cause of irreversible blindness, affecting more than 60 million patients worldwide. Approximately half of the patients with primary angle closure glaucoma (PACG) live in China, and angle closure glaucoma usually results in more severe vision loss [1] . It is therefore important to assess the prevalence of occludable angles and the likely risk factors for angle closure glaucoma in Chinese people.
It is well known that angle closure glaucoma is correlated with many risk factors, such as hyperopia [2] , shallow anterior chamber depth (ACD) [3] , short axial length (AL) [4] , increased lens thickness (LT), and female gender [5] . Most of these risk factors are associated with shallow anterior chamber depth to some extent [6] . For example, hyperopia is usually associated with the presence of shallow ACD and short axial length, and ACD decreases with increasing lens thickness. Therefore, shallow anterior chamber depth is considered the most important risk factor for angle closure glaucoma [6] .
Myopia subjects usually have long axial lengths and are predisposed to deep ACDs and open angles. However, some recent studies have reported the presence of angle closure glaucoma in myopia subjects. Kai-Ling Yong reported that almost one quarter of angle closure patients were myopic. Yong also reported that although myopic angle-closure subjects had longer axial lengths and vitreous lengths, there were no significant differences in ACD, lens thickness or lens vault between these patients and their emmetropic and hyperopic counterparts [7] .
It is well known that Chinese individuals have a high prevalence of both myopia and angle closure [8] [9] [10] . If it is true that subjects with myopia have a low chance of developing angle closure, the prevalence of occludable angles in Chinese people may decrease with increasing myopia prevalence. However, He Ming Guang reported that the increasing prevalence of myopia has a minimal impact on the prevalence of occludable angles [11] . However, the aforementioned study was not a randomized study, and the prevalence of myopia was altered by the selection of a certain proportion of myopia subjects, which inevitably results in selection bias.
Some limitations of the Yong and He's study were that it was not randomized or based on the general population. In addition, the study populations comprised Asian or Guangzhou individuals, and there are no other studies about the association of myopia and occludable angles in China. Because China's area is large, some internal epidemiological differences in its population may be greater than the corresponding differences among countries in Europe. Therefore, we designed a randomized, population based study in Shanghai to determine whether myopia has an effect on the prevalence of occludable angles. In our study, an occludable quadrant was defined as iris trabeculary meshwork contact (ITC) in a picture acquired by spectral domain optical coherence tomography (SD-OCT) [12] . SD-OCT is a noncontact instrument and with a good sensitivity in detecting occludable angle. Nolan WP reported that in dark conditions, AS-OCT identified 98% of those subjects found to have angle closure by gonioscopy [13] .
Materials and Methods

Study population
The Jiangning eye study is a cross-sectional, population-based study of urban Chinese individuals aged 50 years and older in the Jiangning sub-district of Shanghai in the Southeast of China. After excluding vacant households, 2478 residents were randomly selected using a stratified, clustered, and multistage sampling technique, with probabilities proportionate to the size of the population of each cluster. Of the 2478 randomly selected individuals, 2044 (82.5%) people participated in an ophthalmic examination between November 2012 and February 2013. The main reasons for non-participation at examination stage were below: too old, bad health, not at home and busy, etc. The study was approved by the Ethics Committee of Xinhua Hospital, Shanghai Jiao Tong University School of Medicine (approval Number: XHEC-C-2012-014), and the study was conducted in accordance with the tenets of the Declaration of Helsinki. Written informed consent was obtained from all participants before enrolment in the study. The details of the study are described in Ye Hehua's paper [14] . The data is stored in Xinhua hospital and the author have no access to information that could identify individual participants during or after data collection.
Study procedures
Eye examinations were conducted according to a standardized protocol that included visual acuity measurements with ETDRS (early treatment diabetic retinopathy study) charts and recorded in each eye separately with best corrected acuity, autorefraction (KR8900; Topcon, Tokyo, Japan), noncontact tonometry (CT80A; Topcon), slit lamp biomicroscopy (SL1E; Topcon), direct ophthalmoscopy (YE6F; 66Vision, Suzhou, China), measurement of axial length, anterior chamber depth, lens thickness and corneal thickness (A-Scan model SW1000, Suoer, Tianjin, China); and spectral domain optical coherence tomography (OCT) (Topcon 3DOCT 2000; Topcon). Digital images of angle photographs were analysed with the 3D OCT2000 integrated software package (Topcon). Every instrument was operated by the same operator.
SD-OCT. All subjects underwent anterior segment OCT. Four scans of the angle of each eye were obtained (at the 12-, 6-, 3-, and 9-o'clock positions) with the SD-OCT in the dark and operated by the same skilled technician. The subject's fixation was directed by the fixation light beside the instrument [15] .
A-Scan biometry. If the standard deviation (SD) of these measurements was 0.12 mm or greater, all six readings were discarded, and the process was repeated until the SD was less than 0.12 mm.
SD-OCT picture analysis. Cases with previous surgery that changed the anterior segment structure (e.g., cataract or glaucoma surgery) were excluded [16] . We defined a closed quadrant of the anterior chamber angle as the presence of any contact between the iris and the angle wall anterior to the scleral spur, which we termed iris trabecular meshwork contact (ITC) [17] . And we also defined that Level of ITC-1 indicates that there is only one quadrant with ITC in one eye; ITC-2 indicates that there are at least 2 quadrants with ITC in one eye; ITC-sum indicates that there is at least one quadrant with ITC in one eye (ITC-sum = ITC-1 + ITC-2).
Statistical analysis
We conducted our analyses on the left eye. A chi-square test was used to compare demographic characteristics between subjects with different refraction sphere grades. Logistic regression analysis was performed to determine the risk factors for an occludable angle using odds ratio (OR) estimates. For multivariate logistic regression analysis, we included risk factors with P<.05 in the multivariate adjusted model. Student's t test was used to compare the biometric characteristics between different refraction sphere grades. Multivariate linear regression was used to analyse the association between anterior chamber depth and biometry parameters. Statistical analyses were performed using a commercially available statistical software package, SPSS12.0. All P values were two sided and were considered statistically significant when less than 0.05.
Results
Prevalences of ITC at different refraction sphere grades
After excluding subjects who had surgery that altered the anterior segment structure, 1859 eyes remained for analysis. When the data of the left eye of some subjects was missing, we chose the right eye instead. So there were 1801 left eyes and 58 right eyes remained for analysis. It is shown in Table 1 that mean age and sex ratio of myopia, emmetropia, and hyperopia groups were similar, which decrease the bias due to age and sex. Table 1 also shows that the crude prevalences of ITC-sum in the myopia, emmetropia, and hyperopia groups were 1.25%, 6.44%, and 7.43%, respectively. And the crude prevalences of ITC-2 in the myopia, emmetropia, and hyperopia group were 0.54%, 3.79%, and 3.09%, respectively. In subjects with ITC-2, the numbers of high, moderate, and low myopia subjects were 0, 1, and 2, respectively, which means that there were no high myopia subjects with ITC in at least 2 quadrants of the chosen eye. There were significant differences in ITC prevalence among the myopia group and the emmetropia and hyperopia groups. There was no significant difference in ITC prevalence between the emmetropia and hyperopia groups. Table 2 shows that age, sex, refraction sphere, axial length, lens thickness, and anterior chamber depth are risk factors of ITC and keratometry, height, weight, waistline, IOP are not risk factors of ITC when age and sex adjusted. However, after multivariate adjustment, age, axial length, lens thickness and anterior chamber depth are also risk factors of ITC but sex, refraction sphere are not independent risk factors of ITC.
Risk factors for iris trabecular meshwork contact
Biometry and refraction sphere Table 3 shows that there were significant differences in axial length and anterior chamber depth between any two of the myopia, emmetropia, and hyperopia groups. There was no significant difference in lens thickness between the myopia and the emmetropia groups, but there was significant difference in lens thickness (LT) between the hyperopia and the myopia and emmetropia groups. We also found that the axial length and anterior chamber depth of the There is no missing data in Table 1 .
doi:10.1371/journal.pone.0165281.t001 myopia subjects were greater than those of the emmetropia or hyperopia subjects. In addition, ACD and AL also increased when myopia increased from low to high.
Association between ACD and biometry Table 4 shows that in multiple liner regression analyses, ACD = 1.937 + 0.107AL − 0.335LT + 0.013 (refraction sphere). Anterior chamber depth increased noticeably with increasing axial length and decreased with increasing lens thickness. The effect of the refraction sphere on ACD was so small that it could be ignored in most cases.
Characteristics of myopic subjects with ITC
It is shown in Table 5 that there were 7 subjects with myopia (high myopia: 1; moderate myopia: 3; low myopia: 3) who had at least one quadrant of ITC and all of these 7 subjects had shallow anterior chamber depths. In six of these 7 subjects, the ACDs were not greater than 2.60 mm, and only one subject had a ACD greater than 2.80 mm. It is also shown that subject 1 and 4 had long axial lengths greater than 26.00 mm, subject 2 and 7 had moderate axial lengths between 23.00 and 24.00 mm, and subject 3, 5, 6 have short axial lengths less than23.00 mm. In the subjects with long axial length in Table 5 (subject 1, 4), the subjects usually had thick lens (LT = 5.07, 4.76 mm). In the subjects with moderate axial lengths (subject 2 and 7) in Table 5 , subject 2 have thick lens too (LT = 5.12m). In the subjects with short axial length in Table 5 (subject 3, 5, 6), subject 3 have axial length less than 22.00mm, subject 5 have thick lens (LT = 4.97); and subjects 6 have lens shifted forward (RLP = 0.177).
Discussion
Prevalences of ITC at different refraction sphere grades and risk factors
In our study, there were 45 subjects who had at least 2 quadrants with ITC in the chosen eye. In these 45 subjects, 3 subjects had myopia, 10 subjects had emmetropia, and 32 subjects had hyperopia. In subjects with an occludable angle (ITC = 2), approximately 6.7%, 22.2%, and 71.1% of the subjects had myopia, emmetropia, and hyperopia, respectively. In subjects with occludable angle (ITC = 2) in our study, the number of subjects with hyperopia was more than 10 times the number of subjects with myopia, which means that myopia accounts for only a small part of subjects with an occludable angle. Our result is consistent with studies by Chakravarti T and Barkana Y [18, 19] . Chakravarti reported 6 cases of myopia in 322 cases of primary angle closure [18] , and Barkana reported 20 subjects with angle closure in a database of 17,938 persons with high myopia [19] . However, Kai-lin Yong reported that almost one quarter of angle-closure patients were myopic [7] . He Ming Guang reported that the increasing prevalence of myopia has minimal impact on the prevalence of occludable angles, with myopia increasing from 10% to 60% and narrow angle prevalence decreasing from 11.1% to 9.6% [11] . Level of significance set at p<0.05; statistical significance tested with student's t test between myopia, emmetropia and hyperopia groups. ACD = central anterior chamber depth, AL = axial length, LT = lens thick.
There is no missing data in Table 3 .
doi:10.1371/journal.pone.0165281.t003 The difference between our study and Kai-lin Yong's study may associate with subject selection bias. Kai-lin Yong's study was neither a population-based nor a randomized study, whereas our study is randomized and population-based. In addition, there are three issues that may correlate with the difference between our study and the He Ming Guang's study. First, He Ming Guang's study was not randomized, and the proportion of myopia subjects in the group was designed by the author, which will result in selection bias inevitably. Second, the prevalence of occludable angles may be different between these two areas of China. The prevalence of occludable angles in Guangzhou may be higher than that in Shanghai. For example, shallow ACD is the most important risk factor for occludable angle, and the ACD in He Ming Guang's study was shallower than that in our study. The mean ACD in He Ming Guang's study increased from 2.68 mm to 2.74 mm when the prevalence of myopia increased from 10% to 60% [11] , whereas in our study, the mean ACD increased from 2.83 (hyperopia group) to 3.08 (myopia group). This shows that the upper limit of the mean ACD in their study (2.74 mm, 60%myopia) was still shallower than the lower limit of the mean ACD (2.83 mm, 100% hyperopia) in our study. Third, the different detection methods (gonoiscopy and AS-OCT) of the two studies may also contribute to the difference. Some studies have reported that SD-OCT detects fewer closed angle cases than gonoiscopy [15] . Whether the difference between the two studies is based on equipment differences or geographic differences worth further study. Table 1 shows that the prevalence of occludable angles in myopia subjects is lower than in emmetropia and hyperopia subjects. Because age is an important risk factor, we calculated the age adjusted prevalences to avoid the influence of age. After age-adjusted, the prevalences of ITC-sum in the myopia, emmetropia, and hyperopia group were 1.25%, 6.91%, and 7.19%, respectively and the prevalences of ITC-2 in the myopia, emmetropia, and hyperopia group were 0.54%, 4.05%, 2.93%, respectively. The age composition of the myopia group was the standard for age adjustment. This means that even after age adjustment, the prevalence of occludable angles in myopia subjects is lower than in emmetropia and hyperopia subjects. All in all, myopia may be a protective factor for occludable angles.
The multivariate logic regression analysis also showed a linear relationship between the refraction sphere and occludable angles when adjusting for age and sex. However, after axial length was adjusted, linear regression between the refraction sphere and occludable angles was no longer apparent. In other words, axial length, rather than refraction sphere, correlated with an occludable angle [4, 20] . This may be associated with there is collinearity between refraction sphere and axial length [10] . Our study also shows a linear relationship among ACD and axial length and lens thickness. In our study, ACD increases when axial length increases and decreases with increasing lens thickness, which has also been reported by others [21, 22] . Although the regression coefficient of lens thickness is 3 times the regression coefficient of AL, AL may be the most important factor in Table 4 that effect the ACD in most cases. Because the lens thickness didn't change much in most cases. Today, cataract surgery is performed earlier than in the past; therefore, it is rare to see too thick lens. However, the high prevalence of myopia resulting in increased AL is more common and often great, so AL is the most important factor that effects the ACD in most cases. As we all know that apart from some cases with refractive or index myopia, most moderate and high myopia cases are characterized by increased axial lengths.
Characteristics of myopic subjects with ITC
From Table 5 we can find that long, moderate and short axial lengths were all present in myopia subjects with ITC, this means that myopia subjects don't necessarily have long axial lengths. In some index myopia subjects, the axial length may be not long or short. We can also learn from subject 1 and 4 in Table 5 that when the effect of lens thickening is greater than the axial length increasing, the ACD becomes shallow, and the angle becomes occludable, even with an increased axial length. However, this situation is rare and occurs only when the lens becomes very thick, so the prevalence of occludable angles is lower in myopia subjects than in hyperopia subjects. It is also shown in subject 6 that the ACD of myopia subjects is shallow too when the lens is not thick but shifted forward (RLP = 0.177). To sum up, the data in our study shows that in myopia subjects, short AL, thick lens and shifted forward lens are main risk factors for angle closure. In summary, we conclude that the crude prevalences of iris trabecular meshwork contact (ITC-sum) in Jiangning Chinese individuals with myopia, emmetropia, and hyperopia are 1.25%, 6.44%, and 7.43%, respectively. Subjects with myopia have a lower ITC prevalence than subjects with emmetropia or hyperopia. Subjects with myopia usually have a deep anterior chamber depth, and anterior chamber depth increase with increasing axial length if the lens thickness is not great. However, ITC still occurs in myopia subjects with long axial lengths. Axial myopia subjects with ITC usually have shallow anterior chamber depths and thick lenses or a relative forward shift of the lens. 
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